Objective: To describe the clinical and imaging characteristics of spinal cord ring enhancement in multiple sclerosis (MS).
M ULTIPLE SCLEROSIS
(MS) is a demyelinating disease affecting the brain and spinal cord. Magnetic resonance imaging (MRI) enhancement after administration of contrast in a patient with MS indicates increased blood-brain barrier permeability with active inflammation, typically persisting for weeks. 1 Ring enhancement, particularly the "open" (incomplete) ring sign, is a frequently observed pattern on MRI of the brain. 2 Spinal cord abnormalities have been reported in greater than 80% of patients with newly diagnosed MS. 3 Ring enhancement within the spinal cord in MS has only recently been described [4] [5] [6] as a rare pattern of enhancement. Recognition of this pattern has the potential to improve diagnosis of MS. We report a series of 20 patients with MS from a single center during a 3-year period who demonstrated ring enhancing lesions within the spinal cord.
METHODS
Institutional review board approval was obtained for the use of human subject records for this study. A search of all clinical imaging studies at Barnes-Jewish Hospital in St Louis, Missouri, was conducted for a 37-month period from January 1, 2006, through January 31, 2009. A search that included the terms multiple sclerosis and spinal cord MRI yielded 322 patient MRIs. Cervical and thoracic spinal cord MRIs were analyzed for enhancement on T1-weighted imaging after administration of gadoversatamide. Thirtysix patient MRIs included enhancing lesions, of which 20 studies included a ring or incomplete ring pattern. Patterns that were labeled as ring enhancement were identified by the principal investigator (E.C.K.) and confirmed by a neuroradiologist (T.B.). All imaging was performed on a 1.5-T or 3.0-T scanner with a standard spine MRI protocol. Inclusion criteria consisted of (1) being aged 18 to 80 years, (2) time of imaging, and disability according to the Expanded Disability Status Scale (EDSS). 8 Neurologic examination results were available for 18 of the 20 patients. A Multiple Sclerosis Severity Score (MSSS) was calculated from the EDSS score and disease duration, as previously reported. 9 
RESULTS

CLINICAL CHARACTERISTICS
Twenty MS patients were identified as having spinal cord ring enhancement (Table) . Median age at the time of imaging was 35 years (range, 21-62 years). Median disease duration was 2.5 years (range, Ͻ1-21 years). Of the 20 patients, 19 (95%) were classified as having relapsingremitting MS and 1 (5%, patient 11) as having secondary progressive MS. Disease-modifying therapy approved for MS was being prescribed for 8 patients (40%) at the time of the imaging study. Seventeen patients (85%) were in a clinical relapse at the time of imaging. The median EDSS score was 3.0 (range, 1.0-7.0) at the time of the imaging study, with a median MSSS of 6.46 (range, 4.57-9.84).
MRI CHARACTERISTICS
Analysis of the spinal cord enhancement pattern showed an open ring pattern in 19 patients (95%) (Figure) . Of the 19 incomplete ring enhancements, 12 (63%) opened toward the outer edge and 7 (37%) opened toward the center of the spinal cord within its axial plane. Nine patients (45%) had multiple spinal cord ring enhancements that were located at the same or different spinal cord levels. The most common location in the axial plane was lateral, appearing in 8 patients (40%), followed by dorsal in 6 (30%), dorsolateral in 3 (15%), anterolateral in 2 (10%), and anterior in 1 (5%). Ring enhancement was located within the cervical region in 15 of the 20 patients (75%), the thoracic region in 3 (15%), and both the cervical and thoracic regions in 2 (10%). A concurrent MRI of the brain showed contrast enhancement in 14 patients (70%), 8 (57%) of which demonstrated a ring enhancing pattern in at least 1 of the areas of brain enhancement. All patients had white matter T2 hyperintensities in a pattern that was diagnostic for MS.
COMMENT
The 20 reported patients highlight the pattern of spinal cord ring enhancement in MS. Previous reports [4] [5] [6] would indicate that this enhancement pattern is rare in the spinal cord even though ring enhancement in the brain of MS patients has been commonly reported. 2 However, this case series of 20 patients from a 3-year period at a single institution suggests that this pattern is not uncommon in the spinal cord of MS patients, occurring with a prevalence of 6.2% (20 of 322 MRI studies). This pattern has been previously underrecognized or underreported. Another possible explanation is that imaging of the spine is more routinely conducted because of improved acquisition time and greater recognition of its clinical importance. The differential diagnoses for spinal cord ring enhancement should include MS in addition to neoplasm, abscess, and granulomatous disease. Ring enhancement, particularly an incomplete ring pattern, should The imaging characteristics of this series are similar in location and appearance to those of previously reported cases. [4] [5] [6] Lesions typically were asymmetrically placed, were dorsal or lateral in the axial plane, and spanned 1 vertebral segment or less. The cervical region was preferentially involved and is the region previously noted to contain the most overall enhancement. 3 The high prevalence of coexisting ring enhancements in the brains of these 20 patients suggests a common pathophysiologic process occurring throughout the central nervous system.
All patients in this series had relapsing MS, and 19 of the 20 were diagnosed as having relapsing-remitting MS and estimated to be relatively early in their disease course. Six patients (30%) were African American, which may be a high proportion for our patient population and is notable because African Americans may be at increased risk for disability owing to spinal cord disease. 10 Over- 
